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- The following  sper desenbes the mcthod used i computation of wathe
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- losses, namely the stmosphene aticnuation and the system nais temper

imcrease  due to weniher, The mcethod  uses the anode  developed o

.

NASAZPL/DSN fracking stations aud is suppeesicd as the Hirst aorder approxn
_ﬁ/;

e o be ente ed mio the Consuliabive Commntice on Space Dati
= (CC

DS) 1k udp o propram to pota prel iy understandimg of e hol

2.0 Introducton

COSHS ik b

worram for use by the member aecncics who we engaped o joint nissiol
Pag, A

s

The CCSDS s conently i the process of producimg,

mnssions with cross suppori fo providge the ik paramcta: valaes: aither conn

o1 assomcd. 1o all the mvolved apenaics, This COSDS T badgpc 1S i O

ool to computc lisk ¢ ormance ciciently wir e e user e oriom o
pathcrmyp necessmy pmamcta values, However, to compuice the outpud ‘:_:,,j

i periment mpot values, Most mpuot values perin |

hole aste ally need

selclite ceeve/i sosmi systam or the pround transimit/icccive sysicim and

il ¢ desipn of the satelht - hascached @ ceriam stape, these vilues are know

3 i

a rcasonable ie e of condence and can be ased o he hnk oudpet. The

some mput s anctas hat do not falb inder the catepones ihe tansnni/ig

safcllite or pround sepments of the hnde these belong to the weather an

il S oace Path Param

yelated-paamctors catepory, CCSOS calls hese

and "Space-to Farih Path Pavancians of the Tnk These paramceta values




weadily available and we dependent upon the weather, clevation angles of the

anfeng caueney used, cie, and may cven be affected by the dinnsl changpes

o Oobltam the

Thns paper gives some @ cady-exising models that can be s

wlucs | these weather fed Josses o be enfered into the CCSDS hnk budgct

‘ propram so Ll e ik performance can be compuied. 1 should be notee that the

loss values predicted by the models paven below may nof be qunite ppheable to the

1

pser's pariiculm sifuston, but they @e intended to help the vser 1o prows iC
] . I ]

casonable cstimates of the Tosses i the Tk o 10 sllows the presentation s
done i farms of the COSDS Tk budpeet, however, the paramceter values goncraled

iy other ok budpcts

1

by vsing the modcls can be vsed

3.0 Fheay

The COSDS  Tink budpet has cipht papes. The fnst pape s file-Teeping

information. The sccond, thivd and fomih papcs are the mpot papes for the i

The filih and sixih papes e the

fo Space wlnk and Space: il
uplink and 1 owi bl paformanee parnnctons, respectively, and papes seven and

- the nofes about the Tnk The vser s supposcd o supply the values of

:M..___
_.:::_:.:..z contained 1 the fnst om pages and the resulls @we computed and

nd sixth pages. This paper discusses e atmosphene Josses and
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shown i the fifil

the weathenclated temperatoreamaercase

4.0 Atmospherie Losses mnd Weather- Related System Noise ‘Tanperature

Incres

The tofal noise density associated with the ground iceeiving, station s a function
the weather wound the ground siztion anteima along with the ofher vsoal sowmees

of the noise temperatmee, The weather around the recciving, station, asically, the

, dds temperfue ancrcase oo the

physical  temparatoe of the weathar, @

temperafne of he recciver o estimate this temperature anercase, the weatho
)]

ciatistics have 1o be compiled at the speeific reeciving station and docmnented.
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From this statistical data, one can obtain @ comula ve weather distubutio (€

the siation o the antenna site, As an cxample, CD 0.9 mmphes that Q0% of the

tine the temperatore imercase 18 less than a piven value, The temperature INCICase

is @ function of the physical tempe a0y at the antenna site, the atmosphene
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ticnation fo the propagatip wave, and the antenna clevation angle. should be

noted that all acse paanciars are station location dependent making the re ulting,

cmpinical model stahon Tocation dependent,

SAZIPL/DSN stations

vill e explained (eference 1) here, The physical temperature, 1y, 1saclated to the

As an example, the cmpiical modcl developed for he T
I } |

1 by the following cmpineal cquation:

© 20540150 (Kelviny) (1)

= 280 (K). A database oxists for

whe ¢ C < which maphes that 265

1

providing, the aticnuation at zenith at S-band, X-band, and Ka-band hequenaes,
Using this «v. nuation at zenith, say 2, di3 (it should be remembered that according,

(o the COSDS yecommendations, the losses should be o nepative d 3 he
aticnuation at an antenna clevation suple of o, denoted by 7 1s caleulated by

The systam noise temperate ¢ ercase s then compuied using  the physical

temperature @ound the antenua site and e aticnugtion computed at the clevation

angle o using, the following formul

(V)

System Noise Temp Inerease

L]

As an example of the copirica model, the temperatore mercase for Cls 0998 a0

o 20 degrees, from the databasce, 0.0355 1B and the juenbty 7

{er

computed o be 0.1 4 13 and 1, is computed to be 280 () and fally the system
noise temperatone mercase 15 calenlated 1o be 6.6 (K). 1t should be noted that the
systenm noise temparate calenlated usig, the above formula s the mercase over
d

the system noise temperatuie at zenith and should be added fo the zemth system

Noise temperatme,
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an be scen that as CD becomes closer o L 1 T oas to be oparative
yepmdless of the weathar, the degradation to be consideicd o ¢ ekias kmpe. The

valuc of CH = 0.95. o1 95%, scems (o be su o aent o the huk

It should bLe clear that the model desenibed above s vahid only for the
NASA/IPL/DSN stations around the world. The zem a cnuaon s a mehor ol
the Ja itude and longitude of the station. As an example, the zenith at cnuation of
the NASAZIPL/DSN Goldstone stations is diffcient fiom NASAZPL SN Madnd

o1 Canberra, This is so because the weather statistics at cacl of these stations

dificrent. This in o makes he systam noise temperatme imcircase di-feent for
the dificien stations. The ground station the user 1§ associated with, will have s
own zenith aticnuation and physical temperature calealation cmpinca formulas
and may be significantly di Taent han desaribed above and henee the user should
the
model is piven to provide an cstimate of the atmosphene atienvation and the

wse considerable caution nousing the model desenbed above, Inany case

system noise temperatue inerease
The following Tipuies plot the above cquaions. A the fipmes we ploticd or the
IPL/OSN tracking s aions a Goldstone, California. Fipme  shows the zenif]

aticnuation of  as a function of the cumulative weather  distunbutio “The

cumulative weather distiibotion is vanied from 80% to 99.8% and the graphs aic
ploticd for he S-band, X-band and K- oand ficquenacs shown on hie plot. The
valucs of he zemth aticnuation @re measmed and are not gencrated usimg a
theorctical model, Altaiately, the zenith aticiation may be obta ned by using, the

alicady existing, CCIR modcls and the weather aegions miap. Onee the zemth

1

aticnuation is  oblained, the atmosphene aticnuation and  he o systom noise
femperatuie imercase is obtained vsing the above models. apme 2 shows a plot of
the vanation of the atmospheric aticnuation as a function of the recciving, antenna
cleva ton angle. The atinosphicric at conation as desenbed by cquation (2). Fipme 3
plots the system noise temperature mercase as a function of the antenng clevation
auple. Apain. it should be remembered liat these values and slots ae ouly for the
JPL/DSN tracki g station at Goldstone, Cali omma and si oila procedures have to
be followed 1o obtain the  atmosphenc aticnuation and  he systcm noise
femperatme increase for different tracking, stations aound the world, The actual
value of aticnuation and the system noise temperatu ¢ ancrcase depends upon the

ficquency used and the moisture content of the atmospheie o the epron,
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s.() Conclusion

The paper presented a method used to calculate the system noise temperature
incrcasc and atmosphieric attenuati on due to weathier at the NASA/IPL . triack ing
stations at different ficquencics. 1t is mtended that the methiod deseribed here wilt

help the user genciate the loss numbers 1o be used in the CCSDS design control
table..
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